Ethanol, acetaldehyde, and acetic acid, when applied in a volatile state in air to potato tubers, led to a climacteric-like upsurge in respiration. The respiratory upsurge was markedly enhanced when the volatiles were applied in 100% 02.
The application of ethylene to potato tubers can induce a climacteric-like upsurge in respiration (7). Solomos and Laties (9) found that the ethylene-induced increase in respiration is accompanied by changes in respiratory intermediates and suggested that ethylene enhances aerobic glycolysis.
Other naturally occurring volatiles may act similarly to ethylene. In fruit the application of acetaldehyde resulted in the stimulation of respiration (4, 6) and enhancement of ripening processes (5) . Acetaldehyde and ethanol were also shown to increase dramatically during the onset of fruit ripening (5) and may act, together with ethylene, in the stimulation of respiration and possibly other ripening processes. In ripening fruit, ethanol and acetaldehyde increase concomitantly with ethylene and for that reason it is difficult to discern the interdependency of the two classes of volatiles.
In the present work we used potato tubers to examine the effect of ethanol and other volatile compounds including acetaldehyde and acetic acid, on the respiratory upsurge independently of ethylene action. We also studied the effect of applied ethanol on the changes in respiratory metabolites as they compare to the changes induced by ethylene.
MATERIALS AND METHODS
Locally grown potatoes (Solanum tuberosum L., var. Norchip) were preconditioned at room temperature for 2 weeks following harvest. Six whole tubers, each weighing approximately 100 g, were placed in 2-liter jars, and were ventilated with different gas mixtures at a rate of 400 ml/min. sample of two potatoes, were homogenized in 100 ml of lO1o0 trichloroacetic acid. The homogenate was vacuum-filtered and the residue reblended with 50 ml of 5% trichloroacetic acid. The combined filtrates were centrifuged for 15 min at 17,000g and the resulting supernatants lyophylized to dryness and dissolved in about 50 ml of water. The solutions were centrifuged at 17,000g. Additional purification steps in the extraction were described by Barker et al. (1). The final sample was lyophilized, dissolved in 6 ml of water, filtered under vacuum through a charcoal column (0.5 x 3 cm), and made up with water to a volume of 10 ml. All intermediates including 2-PGA,2 3-PGA, PEP, lactate, a-ketoglutarate, and isocitrate, were determined in the extracts using enzymic reactions coupled to changes in NADH levels (1, 10).
Acetaldehyde and Ethanol Determinations. Changes in acetaldehyde and ethanol in the potato tubers were measured according to the method of Davis and Chace (3). Twenty-five g tissue increments from each of two potatoes were combined and homogenized in 50 ml of cold trichloroacetic acid. A 40-ml aliquot of the homogenate was placed in a 125-ml serum bottle and the latter capped. The serum bottles were incubated in a water bath at 37 C for 1 h. After incubation, l-ml samples were drawn from the head space and used for the determination of acetaldehyde and ethanol by gas chromatography, using a Porapak Q column. The concen2Abbreviations: 2 RESULTS AND DISCUSSION Figure 1 shows the effect of ethanol on the stimulation of respiration in whole potato tubers. The increase in the concentration of ethanol from 500 to 5,000 ,ul/l in the ventilating air led to a progressive increase in respiration (Fig. IA) . Higher concentrations (20,000 ,tl/l) resulted in a diminished respiratory upsurge. When the ethanol was applied in lOOo 02 (Fig. 1B) (2) . In the present study we also examined the changes in some intermediates of glycolysis, including 2-PGA, 3-PGA, PEP, and lactate, and some tricarboxylic acid cycle acids, including a-ketoglutarate and isocitrate, to determine whether the increase in respiration induced by ethanol is accompanied by metabolic changes similar to those induced by ethylene. We first compared the effect of ethylene in air with that in 1ON00 02 on the changes in 3-PGA. Figure 2 shows that the application of ethylene in 02 caused a more pronounced difference in the level of 3-PGA than it did in air. Henceforth, further determinations of the respiratory intermediates were performed on potatoes treated in 100%0 02, in combination with ethylene or ethanol. Figure 3 shows the changes in glycolytic intermediates in potatoes held in 100%Y 02 in combination with ethylene or ethanol.
The level of the tested glycolytic intermediates, namely, 2-PGA, 3-PGA, and PEP, declined significantly in both the ethylene-and the ethanol-treated tubers by comparison with the 02 control. The decrease in these glycolytic intermediates was observed typically when glycolysis was speeded up as for example during anaerobiosis, and was also observed by Solomos and Laties (9) in potatoes treated with ethylene in air. We found that the lactate level did not change (result not shown). The present data show that the pattern of change in the intermediates level was virtually the same in ethylene-and ethanoltreated tubers, although the magnitude of the changes induced by ethanol was greater than those induced by ethylene, especially in 3-PGA and a-ketoglutarate. These results suggest that the effect of ethanol on respiratory metabolism resembles that of ethylene, and thus may also involve the acceleration of glycolysis with the enhanced flux of metabolites to the tricarboxylic acid cycle.
We examined the possibility that the effect of ethanol or acetaldehyde may reflect an indirect action of ethylene. 
